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Professor Professor T. FLEMING : Mrs. Avrton's paper brings before us a
Fleming J J

large amount of matter for discussion, in addition to the particular
problem which gives its title to the paper. There are man)' points in
connection with the arc which, it seems to me, are only suggested
for investigation in the light of some theory as to what is happening
in the arc. It is a remarkable thing, considering the fact that physicists
have been familiar with the electric arc for the greater part of a century,
that our ignorance concerning nearly all the processes taking place in
it is so very great. It is impossible to handle a large number of the
questions which arise unless one can form in the first place some con-
ception as to the molecular processes in the arc.

When we look at the continuous current arc, I think the first thing
that attracts our attention is the fact of its want of symmetry. You
have on one side the crater carbon at a very high temperature, from
which the greater part of the light and heat comes out. Then you
have the column of incandescent carbon vapour, and on the other side
the cooler negative terminal. Essentially the phenomena of the arc
consists in the conveyance of a current through a column of vapour,
and if we ask by what process that is effected, I think we must bear
in mind the conclusion to which most investigators who have studied
the propagation of currents through gases have been brought, viz., that
it appears to be a process closely similar to that of electrolysis in
liquids. In fact one theory which may be put forward concerning the
arc is that it consists in electrolysis going on in a gaseous column.
Suppose we start with that as a provisional hypothesis.

In the electrolysis of liquids two chief phenomena are presented to us :
first of all the fact that the molecule of the electrolyte is broken up into
two ions which are urged in opposite directions, and then, according to
the majority of researches on the subject, these ions move with very
different velocities. Supposing it be accepted merely as a working
hypothesis that in the arc we have electrolysis of carbon vapour going
on, and the electrolysis consists in the splitting up of complex carbon
molecules into carbon ions, positive and negative, these being moved
rapidly in opposite directions. I wish to suggest that the velocity of
the negative ion may be much greater than that of the positive ion, and
trace the consequences of that assumption. The result of that would
be that we should have upon the positive pole an accumulation of
negative carbon ions which would cover up the crater with what I ma)'
call a cushion of negative carbon ions, which would have the effect of
creating a resistance.

Let us next consider the distribution of potential in the arc. The
effect of these accumulated negative ions round the positive electrode
would be that the step in potential in passing from the positive carbon
to the vapour would be greater than the step in passing along the
vapour, or from the vapour to the negative. And that is exactly what
is found to be the case. In 1890 I exhibited as a lecture experiment
at the Royal Institution the effect of introducing a third terminal into
the arc, and showed that the difference of potential between that third
terminal and the positive carbon was about 35 or 40 volts, whilst a very
much less difference in potential existed between that third carbon and
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the negative pole. I did not know at that time that Luggin, in 1889, Professor
had observed the same thing.

Then with regard to the behaviour of the arc when air gets access
to it; as Mrs. Ayrton has shown us, that produces the phenomenon of
hissing. We know perfectly well the intense affinity that carbon vapour
has for oxygen at a high temperature. The result of access of air or
oxygen to the crater would be, as it were, to destroy by chemical com-
bination these accumulated negative ions near the crater carbon, and
that would immediately produce a diminution in resistance of the arc.
That process would be an intermittent process because the effect would
be then to produce a greater current, and that again would produce
a further delivery or rush of the ions. This view seems to point to the
fact that the hissing arc must be an intermittent arc. In the last few
days, since the reading of the paper, I have had the curiosity to examine
the hissing arc in a revolving mirror to see if the light is intermittent.
I do not know whether Mrs. Ayrton has tried this experiment. I found
that the light of the hissing arc is an intermittent ai'c. I find it has
already been noticed that in a hissing arc the current is intermittent.
It is mentioned in the paper by Messrs. Frith and Rogers, in which
thej' put forward the notion of a negative resistance.

The process, therefore, going on in the normal arc, according to my
view of the case, would be something of this kind : the electrolysis
taking place in the carbon vapour of the arc provides a means for the
transfer of electricity, and the rush of the negative ions towards the
crater is the cause, partly, of the excavation of the crater.; .the bom-
bardment of these ions would cause a high temperature of the crater,
and the consequent volatilisation of the carbon would provide the
necessary fuel or material for the arc by the production of carbon
vapour. Hence the arc feeds itself by this process. In addition to
this, I think that that theory would explain in some way the formation
of the mushroom on the negative carbon at the same time that the
hissing begins, because the rapid rushes that take place of the negative
ions proceeding towards the crater must be accompanied by an equal
number of positive ions in the other directions, and there would be a
continual and very rapid delivery at that time of the carbon ions on the
negative carbon which would build up the mushroom. This hypothesis
would also explain at the same time why it is that hissing is started
apparently by oxygen and by air, but not by nitrogen, because, in order
to have any hissing, there must be an intermittency, and there must be
something, therefore, that removes this cushion, as I have called it, of
carbon ions, and that something must be a material capable of com-
bining with carbon. The hissing that is produced by hydrogen may
perhaps be explained by the affinity of hydrogen for carbon at high
temperatures, producing, as we know, acetylene. The carbon ions
would not be removed by any neutral gas. I may venture, perhaps,
with diffidence to make the suggestion that any other gas or any other
vapour which has the property of combining with carbon at u high
temperature will produce hissing. I would suggest that it is worth
while to try chlorine, bromine, iodine, and see whether they, too, do
not produce the hissing arc.
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emfmT s" A v r t ° n n a s n ° t entered into the discussion of all those points,
such as negative resistance and E.M.F., which belong to the region of
hypothesis. Wi th regard to the so-called counter-electromotive force
in the arc, I have long held the opinion that it does not exist, but that
the voltage which has to be applied before any finite length of arc can
be created is merely one of the factors in the work which has to be
done on the arc to effect the volatilisation of the carbon and supply
the vapour which is necessary for the electrolytic process.

I will conclude by adding my congratulations to Mrs. Ayrton for
the very philosophical and careful paper which she has brought before
us, and the very interesting conclusions to which she has been led by
her experiments.

Captain ' Captain W. de W. A B N E Y : Although I have done a good deal of
Abncv

work with the arc, I cannot say that I have entered at all into that field
which Mrs. Ayrton has so ably filled. The communication before us
is an ideal paper. The investigation is carried on from point to point
and reasoned out in the most admirable way, and I think that anybody
who has worked long with the arc cannot but come to the conclusion
that the deductions Mrs. Ayrton has made are perfectly right.

The hissing of the arc has long been a phenomenon of very sad
interest to me, because it lias interfered many times with experiments
in which I had to use the electric arc extensively. I may say that it was
by long observation that I came to the conclusion that certain condi-
tions were requisite to cause the hissing ; and also that, long before Mr.
Trotter described the phenomenon of the rotation of the arc to which
Mrs. Ayrton has alluded, I had been infinitely bothered with it in my
experiments. The way in which I was troubled was this : I threw an
image of the crater of the positive pole upon the slit of a spectroscope,
and having by means of prisms produced a spectrum on a focussing
screen, recombined that spectrum by means of a lens and formed an
image of the first surface of the prism upon a distant screen. By
passing a slit along the spectrum any desired monochromatic colour could
be obtained. In a very great many cases it has happened that the patch
of light which was formed had a regular flicker. I then found there
was a definite rotation taking place, and that something was evidently
happening in the arc light. To investigate that still further, the slit of
the spectroscope was diminished to a point, and then I had the whole
of the phenomena in. the proper colours very beautifully exemplified
upon the screen. By using a pin-hole an image of the carbon point
was obtained upon the prism itself, and the image formed in my
collecting lens was that of the surface of the prism. I hesitate to say
whether the rotation was as much as 450 times a second. All I can
say is that, at the time immediately before the hissing, that phenomenon
which Mrs. Ayrton describes so well in her paper was to be seen, .and
this led one to the conclusion that perhaps it might be due to an oscilla-
tion in the arc, such as Professor Fleming has pointed out. I did not
investigate that at all. At the same time the phenomenon of hissing
certainly was accompanied most frequently with a rotation. The
rotation may occur ialways, but it did not always interfere with my
observations. I knew when the hissing began that I was liable to get a
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rotation by which I could see a sickle-shaped and bright band going over captain
my colours. This was excessively annoying in the experiments which I Abne>-
was making. I have purposely alluded to this rotation to-night because,
several years ago, when Mr. Trotter brought it forward at the Royal
Society, it was very latecin the evening, and I contented myself with
saying that I had met with the phenomenon before. Now I have
liberated my mind, and I can only say that the phenomenon is particu-
• larly interesting and annoying.

If Mrs. Ayrton will throw the monochromatic image of the carbon
points upon the screen and watch it, I think she will be rewarded. This
is done in a very easy way, somewhat as I have indicated already.
By placing a lens close against a slit and throwing a sharp image of
the carbon point upon the prism, the lens which recombines the
spectrum gives an image in white light of the carbon points upon
the screen. Then if you take a slit in the focus of the spectrum and
pass it through, you get for every colour an image of the carbon points
in that colour. It is very interesting to find that when the hissing
begins a flame is seen surrounding the points when the slit is in the
yellow of the spectrum. Simultaneously with the commencement
of hissing the spectrum becomes quite different. There is observ-
able, as said, surrounding the carbon point a yellow flame, which is
evidently something very different from the ordinary violet flame which
we know to be due to a combination of carbon and oxygen—probably
a higher compound of carbon, and oxygen, perhaps with hydrogen. At
all events there is quite a different phenomenon which may be watched
in all its beauty upon the screen; and the flame may be made to
appear and disappear at will by causing the arc to hiss or to be silent.
It may also be made to appear almost immediately before the hissing
but not very readily. I have photographed a good many of these
monochromatic images and they form a very interesting study. I
have also photographed the sickle-shaped bands to which I have
referred.

Professor W. E. AYRTON : At the beginning of the discussion before prOfesso
Easter, Dr. Thompson criticised the statement, which I had made on a Ayrton.
previous occasion, that if you are dealing with normal arcs and keep
the P.D. between the carbons constant, then when you draw apart the
carbons slowly so as to lengthen the arc you increase the current, and
do not diminish it as you might a •priori have been led to expect. To
this Dr. Thompson took exception, and stated that what I ought to have
said was that, with the normal arcs, if you draw the carbons apart—if
you lengthen the arc in fact—and wish to keep the P.D. between the
carbons constant, it is necessary to alter the outside conditions so as to
increase the current. That was his criticism. It appears to me, as I
said, or implied, on the previous occasion when he made this same
criticism elsewhere, that it is a distinction without a difference. His
criticism that I put the cart before the horse is like a question as to whether,
in dealing with an electric motor car, the motor is in front of the car or
the car in front of the motor. As a matter of fact, the criticism he made
might have been made just as well with reference to an ordinary state-
ment about the flow of electricity through a wire. Though I do not
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Professor for a moment wish to be regarded as considering that a current
through an arc is exactly the same as that through a wire, it is perhaps
worth noticing that his objection, if a valid one, will apply equally well.
Supposing you have two arcs of different lengths and the same kind and
thickness of carbons as Mrs. Ayrton has usefi, and you wish the P.D.
between the carbons in each case to be the same, say 55 volts. With an
arc of 4 millimetres there will be 7 amperes, and with an arc of 5 milli-
metres you have some 11 amperes. Now there are millions of outside
conditions, of electromotive forces and resistances which will enable
you to have these 55 volts with the shorter arc, and there are millions
of other conditions of electromotive forces and resistance which
will enable you to have the same P.D. with a longer arc. If you
have the two together you must no doubt select outside conditions
which will enable you to have your 55 volts in each case. But just
the same thing applies to a wire. Suppose you have a wire of a
certain length and wish to maintain a certain P.D. between the ter-
minals, there are millions of ways in which you can do that, millions
of electromotive forces and outside resistances. But the important
thing is this : if you stretch the wire and by some proper arrangement of
outside circumstances keep the P.D. constant, the current goes down,
while in the case of the arc when you do the same thing the current
goes up. That is the point to which I wish to draw attention.

I do not know that Professor Thompson quite grasped in his remarks
last time that what Mrs. Ayrton told us about that region of instability
was really quite distinct from what he referred to, and also distinct from
what I have just referred to where the length of the arc is altered.
What she was putting forward in this paper was what happens when the
length of the arc is not altered, what happens, in fact, in the region of
instability, or of blankness, as she called it, in which, until two or three
months ago, I certainly was myself floundering—a region of both mental
and electric blankness. I cannot help stating that I think I observed
another form in that region, remarkably like my critic who was also
holding up his hands groping for light. What Mrs. Ayrton pointed out
was, that if you take a point on the curved line A 3 C (Fig. 1), the arc
is in a state of instability ; it is ready to tumble down, so to say, along
one of the inclined lines shown in the figure, and, as Mrs. Ayrton
explained to us, along other lines which may not be drawn there. The
five-millimetre arc, for example, is in a position of unstable equilibrium,
ready to tumble over. Whether it tumbles down the dotted line of the
figure or along a steeper or down a less steep and longer line, depends,
as Mrs. Ayrton first explained to me this year, entirely upon the E.M.F.
of the generator and consequent outside resistance, and that is a fact
which one could not deduce from anything that I mentioned some time
ago and which Dr. Thompson criticised.

Another criticism made by Dr. Thompson upon which I would
break a lance with him was in reference to the slow rotation of the
bands which may be seen on the carbon crater before the arc hums
even, and certainly before it hisses. Dr. Thompson said last time that
he thought that had been pointed out by Mr. Trotter. The curious part
about it is that, in Mr. Trotter's paper before the Royal Society, and
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in the account given bv him in the Electrician, of which he was then Professor
' Ayrton.

editor, there is no reference whatever to this slow rotation.
Professor S. P. THOMPSON : I think I can explain exactly. What I Professor

" J Thompson.
said was that Mr. Trotter had shown it to me. It is published in my
Cantor Lectures at the Society of Arts as having been shown to me by
Mr. Trotter.

Professor W. E. AYRTON : I am very glad to hear that, because the Professor
curious thing I was going to point out is that, if the fact were com- '}1

monly known, it is extraordinary that the idea of using a square
millimetre of the surface of the crater as giving the standard of light
should ever have been put forward by various people, I think even by
Dr. Thompson.

Professor THOMPSON : That is quite true, and I abandoned the idea Professor
when Mr. Trotter showed me the rotation in question. . -

Professor AYRTON : I may make one more remark on that point. Professor
Mr. Trotter was kind enough to invite me to go to his house to see the iyr °"'
rapid rotation, that rapid spinning which could only be seen with the
rotating sectors, and I have no recollection whatever of his drawing
my attention to the slow movement of those dark bands which could
be seen without any sectors at all. I have thought about the subject a
good deal in the last couple of weeks, and I can call nothing to mind of
being shown anything of that kind.

In conclusion, there is one peculiarity in Mrs. Ayrton's method of
working, which I recommend to the notice of students—we are all
more or less students—but especially to younger students, and that is
the method she adopts of studying the known by searching among the
unknown ; that is to say, not acquiring knowledge from books—she
always says she is profoundly ignorant of the contents of. scientific books
—but believing that more can be learned from a careful examination of
small phenomena, by observation and reflection in fact, than by passing
any number of examinations or getting up any number of text-books.

Captain. ABNEY : I should like to say that although Professor Captain
Thompson has abandoned that unit, I still adhere to it. I think it is a ney'
very good unit when it is properly used.

Mr. H. G. COTSWORTH [communicated] : During the reading of Mrs. ¥r.
Ayrton's most interesting and instructive paper,.a problem presented °-SW01

itself to my mind, which no doubt the authoress can throw some light
upon. Suppose the crater end of the positive carbon is surrounded
with a tight-fitting cylinder of some refractory material such as kaolin
or lime so as to prevent the crater from extending up the side'of the
carbon, what now will be the effect of increasing the current to what
would have been before the hissing point ? One would suppose that
as now the crater was prevented.from extending up the side, some new
phenomenon would present itself; of course I am aware that under the
high temperature that the kaolin would be subjected to, it would
become a conductor, but of sufficiently high resistance, I think, not
materially to interfere with the experiment.

As regards the remarks of Professor Fleming, it is with some diffi-
dence that I venture to differ from such a "well-known authority, but I
cannot see how he reconciles the fact that no change takes place in
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Cotsworth. the arc when hydrogen alone has access, as shown by Mrs. Ayrton,.
with his view that at a high temperature hydrogen combines directly
with carbon, causing the arc to hiss ; is it not rather that the hissing
is still due to the action of the oxygen, on the carbon, but in a less
degree owing to the presence of hydrogen, which, as it were, averts
the attack on the carbon by combining with the oxygen itself, oxygen
having a greater affinity for hydrogen than for carbon.

Mr. Trotter. Mr. A. P. TROTTER [communicated] : The interest and importance
of Mrs. Ayrton's explanation of the hiss of the electric arc is sufficiently
obvious, but I regard it as a privilege that owing to the attention which
I have given to the appearance of the crater, I can appreciate the
ingenuity of her discovery and the completeness of her solution far
more keenly than if I had not spent considerable time on the border of
the subject. My attention was confined to the phenomena which
immediately precede the hiss, and though I have observed enlarged
images of a hissing crater on very many occasions, I did so, for the
most part, unintentionally. The appearances of the cloud, the mottling,
the bright spots, and the colours are most accurately described, but I
do not remember the " dark bands in one or more sets of concentric
circles moving round different centres in opposite directions" as a
common phenomenon of a long arc. This condition of the arc was the
other limit of my study, and although in my accountr of the periodic
phenomenon it was stated that it is more marked in a short humming
arc, it was suggested that it is always present, In Professor S. P.
Thompson's Cantor Lectures (1895) he stated :—" This patch is more
luminous than the surrounding surface of the crater, over which it
moves in a capricious way. Sometimes you can catch a glimpse of this
patch revolving, flickering round and round ; sometimes it goes one
way, and sometimes the other. You cannot readily observe it, however,
unless you resort to artificial means, because of the rapidity of its
motion." I considered that before the steady rotatory motion was set
up, the phenomenon was in an unstable and ill-defined state, and I paid
but little attention to it, and thus missed these bands and figures which
Mrs. Ayrton has been the first to describe, and which I look forward to

, examining when I resume, as I hope to do, my study of the humming
arc.

My collection of notes on the rotatory phenomenon made since the
date of the paper referred to, contains little that is ready for publica-
tion, but I have grounds for commenting on Mrs. Ayrton's statement
that " with solid carbons the arc is rounded or pear-shaped according
to its length, and has the appearance of great stability. But as soon as
hissing occurs the arc seems to suddenly dart out from between the
carbons and to become flattened out, as if under the influence of a
centrifugal force acting at right angles to the common axis of the "two
carbons." At the end of Professor S. P. Thompson's account of my
work, in his Cantor Lectures, he alludes to my observation of the rotation
of the whole arc—that is, of the coloured flame. By stroboscopic
methods it may .be shown that the pear-shaped flame of the steady arc
is the figure of revolution of an arched flame which revolves at the,

£ Proc. Roy. Soc, vo.l, lvi.
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period of the hum (the hum may be too low to be easily audible). With Mr- Trotter.
a long arc this can be stopped by a draught of air or by a magnet. This
arched flame, held stationary by the up-draught of air with a long hori-
zontal arc, suggested the name arc. I cannot concur with the view
that the sudden flattening out of the hissing arc is due to a centrifugal
force, because (i) I have carefully examined the hissing crater for
periodicity and found no trace of any continuous motion within wide
limits, and the change from the hum to the hiss suggests that the
periodic phenomenon is at an end, and that an irregular condition has
commenced; and (2) because I think that there is reason to suppose
that the specific gravity of the arc (the flame) is less than that of the
surrounding gases.

Mrs. Ayrton forestalls me in her suggestion of the cause of the rota-
tion, namely, the inrush of the surrounding air, but " a slight breach
in the crater " is not very clear, and forms no part of the explanation
which I had in view.

That Mrs. Ayrton's explanation of the cause of the hiss seems to
her " absurdly simple," so far from removing it from the category of
important discoveries, ranks it with many others that enjoy the same
distinction, and the proofs are as convincing as the explanation is
lucid.

Mrs. AYRTON [in reply] : I have to thank all those who have criticised Mrs. Ayrton.
me for the very kindly manner in which they have done it, and for
the extremely warm way in which they have welcomed my paper. I
have been much struck by, and have received great pleasure from, the
appreciation which my work has gained from the scientific world.
I was hardly prepared for it.

Dr. Thompson asked what I meant by the hissing arc—did I mean
the green arc, or an arc in which the P.D. had fallen, or an arc that was
making a noise ? The arc makes a great many noises ; it hisses in all
sorts of ways and under all sorts of conditions. But there is only one
kind of hiss that is associated with a sudden change from purple to
green of a part of the arc vapour, and as sudden a diminution in the
P.D. between the carbons. It is to this hiss, and this alone, that my
explanation refers.

Mr. Mordey has asked if the hissing arc always gave out less light
than the silent arc? I believe it does, but it is difficult to say. Less
light for what ? For the power supplied, I suppose. I have never
tried. M. Blondel, in 1893, said, in a paper which he wrote in the
Electrician, that the intrinsic brilliancy of the hissing arc was always '
18 or 20 per cent, less than that of the silent arc. It is true the arc
always looks as if it were duller when it begins to hiss, but I have found,
by drawing curves, that the power supplied when hissing first begins
is generally less than the power which was being supplied when the
largest silent current was flowing; and therefore it is difficult to say,
without very careful experiment, whether, for the amount of power
supplied,"the amount of light given out is less when the arc is hissing
than when it is silent. As regards the unsteadiness of the arc when hiss-
ing, that only lasts while it is at the hissing point—that is, while the
Current is such that the arc is on the borderland between hissing and
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Mrs. Ayrton. silence. An extremely steady hissing arc can be maintained when the
current is so great that it would have to be very much diminished in
order to reduce the arc to silence. With regard to the dark band in
the alternating current arc, as I have not made experiments on the
alternating current arc, I am sorry I cannot help Mr. Mordey on that
point.

Letters about my paper have reached me from various people. One
suggested that the ends of the carbons in the enclosed arc which I
showed were of a very different form from those of the ordinary
enclosed arc. I think I made it quite clear that the arc I used was not
an ordinary enclosed arc at all; it was an arc enclosed in a crucible
arranged in such a way that the air could be let in in different quantities,
or entirely excluded. For the purpose of showing that air was necessary
to cause hissing, I excluded the air entirely, while leaving sufficient
clearance between the positive carbon and the crucible to allow vapour
to escape from within. Thus the arc was not what is technically called
" enclosed." The shapes of the carbons when the air is entirely excluded
are unlike their shapes both with an open arc and with what is usually
called the enclosed arc, or a semi-enclosed arc, as it really should be
called. The carbons are not quite flat, as they are in a semi-enclosed
arc, for which, it may be remembered, rather small currents are used,
but they are very much flatter than with the open arc. When the
current is greater than about 12 amperes the crater is very much pitted
—it is full of tiny holes'. How those are caused I do not know. You
get the same pitting,, but to a much smaller degree, with the open arc
when it is hissing. Thinking that perhaps this pitting was caused by
the carbon at the end becoming soft and bubbling, I tried bringing the
carbons sharply together when a very large current was flowing, and
then turning off the current immediately. I expected them to stick
together, even if only slightly, but there was no sign of their either
sticking or moulding themselves upon one another, as Professor Elihu
Thomsonz found in 1890. I think, therefore, there can be no doubt that
the pitting is not caused by any sort of bubbling.

•M. Blondel, who has done a larger amount of original work on
the arc than any other single individual, and whose opinion is, there-
fore, of the greatest value, has written to remind me of a theory of
hissing that he published in an article in the Electrician in 1893.2 He
says :—

"J'ai ete frappe d'un fait auquel vous ne faites pas allusion, a savoir
que l'arc est transparent dans le regime silencieux ou bourdonnant, et
devient brusquement opaque des que Tare siffle. Cette difference se
constate en observant le cratere a travers Tare sous un angle de 45 dg.
J'ai signale en merae temps la production de la lumiere verte dont vous
parlez.

"J'ai conclu de ce phenomene qu'il y a une difference essentielle
entre la constitution de Tare sifflant et celle de l'arc ordinaire : e'est que
le premier est forme de particules solides et constitue une vraie decharge
disruptive, e'est. a dire produitepar arrachementdespafticules de charbon,

1 The Electrical World, 1891, vol. xvii. p. 176.
: . 3 The Electrician, 1893, vol. xxxii. p. 170. '
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tandis que le second est forme de vapeur proprenient dite, produite par Mrs. Ayrton.
ebullition ou vaporisation de carbone. J'ai montre plus recemment que
c'est de l'evaporation et non de l'ebullition.

" II n'y a aucune contradiction entre cette theorie et celle que vous
venez d'exposer si brillamment; je crois meme qu'elles se complete-
raient fort heureusement l'une l'autre : car, si je n'ai pas indique,
faute de la connaitre, la cause du changement de nature de Tare, votre
theorie de son cote n'explique pas, il m'a semble, pourquoi l'introduction
de l'oxygene fait que l'arc siffle.

" Je suis porte a croire que la presence de l'oxygene n'agit pas en
'vertu de quelque action mysterieuse, mais simplement en rendant
impossible la vaporisation reguliere. Votre experience semble exclure
une influence de refroi.dissement; il faut done chercher autre chose.
Ne serait ce pas que la vapeur de charbon est brulee aussitot que
formee et que l'oxyde carbone ne serait pas conducteur ? On com-
prendrait ainsi tres bien que l'arrivee de l'air sur le cratere empeche la
vaporisation et ne permet que l'arrachement disruptif des molecules.

" En tout cas il y a un point sur lequel j'ai une foi absolue, c'est que
Tare sifflant est disruptif ; il est confirme par les photographies que j'ai
faites autrefois en meme temps que j'etudiais Tare alternatif. Je con-
naissais bien l'influence de la densite de courant pour determiner le
sifflement, et je pensais settlement que si le cratere est trop petit pour
le debit qu'il a a fournir, il faut que la vaporisation lente du charbon
soit remplacee par un arrachement plus rapide, trop rapide pour que les
molecules arrachees passent a. l'etat de vapeur transparent.

"Vos experiences me font voir que cette derniere idee est sans
doute fausse, mais elles ne demontrent pas la faussete de la precedente."

I have noticed an increase in the opacity of the arc vapour when
hissing begins, but have found it neither so great nor so invariable as
has M. Blondel. This may be because we burned the arc under different
conditions, for I have found that, if the carbons are placed so that the
whole crater is in view, the crater will sometimes be partially hidden
by the vapour, but sometimes it can be seen as clearly as if the arc
were silent. This is, therefore, a point that requires further investigation.

This variation in the opacity of the hissing arc would appear to
show that, if M. Blondel's theory of a disruptive discharge of solid
particles is correct, the particles must vary either in size, or in number,
or in both, according to conditions yet unknown, M. Blondel suggests
that when the air reaches the crater, and the arc, therefore, begins to
hiss, it is because the carbon vapour is burnt as soon as formed, thus
producing carbonic oxide, which, not being a conductor, stops the
vaporisation of the carbon, only permitting a disruptive discharge of
the particles. It seems hardly possible that the diminution in the P.D.
between the carbons when hissing begins can be caused in this way,
for the formation of a non-conducting material near the crater, such as
M. Blondel supposes the carbonic oxide to be, would surely tend to
•increase the resistance of the arc, and thus to increase the P.D. between
the carbons rather than to diminish it. Further, this increase of
resistance would take place just where the greatest diminuiion actually
takes place, namely, near the crater.

VOL. XXVIII. 29



448 THE HISSING OF THE ELECTRIC ARC. [April 13th,

Mrs. Ayrton.- I entirely agree with Prof. Fleming as to the hopelessness of attempt-
ing to explain any single one of the numerous and complicated pheno-
mena of the arc without having previously formed a perfectly definite
conception of the action of the arc. Such a conception I have naturally
formed, one which, while differing greatly from Prof. Fleming's, makes
a very good working hypothesis. As, however, the truth of the
hypothesis depends on the existence or non-existence of a large back
E.M.F. in the arc, and as I do not consider that the existence of such
an E.M.F. has been either proved or disproved, I hold myself in readi-
ness to change my hypothesis whenever any fact bearing upon this
back E.M.F. shall be brought to light, and prefer, therefore, to keep
my theory at present for home use.

The intermittency of the current with a hissing arc, 'first noticed by
Messrs. Frith and Rodgers in 1896, can, I think, be easily explained,without
the intervention of a cushion of negative ions near the crater, thus:—
When first the air gets to the crater it burns some of the carbon, thus
forming a gaseous covering over the part burnt. This, till it is dispersed,
protects the crater from the air, just as the carbon vapour protects the
crater of a silent arc. As soon as the products of combustion are dis-
persed, however, the air gets direct to the crater again, and so on. Hence,
if this explanation is correct, it. is the intermittence of the air current that
causes the intermittence of the electric current. That the air current is
intermittent, I proved experimentally some time ago, by fastening one
end of a single asbestos fibre to the edge of the hole in the cover of the
fireclay crucible in Fig. 8, in such a way that its free end stretched out
horizontally in the space between the positive carbon and the lid of the
crucible. The space was wide enough to allow air to enter the crucible,
so that the arc could be made to hiss. It was then found that while the
arc was silent, the fibre remained fairly motionless, but that as soon as
hissing began, it vibrated rapidly up and down, instead of being sucked
into the crucible as it would if there had been a steady inward- current
of air. This intermittent current of air would naturally cause an inter-
mittent electric current, because the crater would be alternately acted
on by the air and not acted on by it. The vibration thus set' up pro-
bably also causes the sound given out by the hissing arc.

Prof. Fleming's suggestion that any gas that would combine with
carbon at a high ternperature would cause hissing is one that naturally
presents itself, and one that I had in my mind when I tried the effect of
hydrogen ; but hydrogen does not cause hissing except in the presence
of oxygen ; hence, either something more is required to produce hissing
than a gas which unites readily with carbon at a high temperature, or
the temperature of the crater is too high to allow carbon and hydrogen
to unite, except in the presence of oxygen.

It is not at all surprising that Captain Abney should long ago have
been troubled by the slow rotation and oscillation of bright and dark
bands over the crater that I have described. Considering the nature
and the closeness of his investigations, he must have noticed many inte-
resting phenomena, which, if published, would materially assist those
who are attacking the physics of the arc from a point of view different
from his own. His observation about the yellow flame which springs
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up simultaneously with the beginning of hissing is very valuable, and Mrs. Ayrton.
will, I hope, lead to a further unravelling of that still mysterious
phenomenon.

I have never covered up the end of the positive carbon with lime' or
kaolin, in the manner suggested by Mr. Cotsworth, but I have tried a
jacket of fireclay with very unsatisfactory results. When the arc had
been started some little time, the fireclay began to boil and bubble, the
P.D. dropped to about 20 or 25 volts, and the arc became pale green
and gave out very little light, besides being very unsteady. I think,
however, it would be well worth while trying other substances, especially
lime.

The very interesting discoveries that Mr. Trotter has made about
the humming arc, together with his long and close study of that
phenomenon—one bordering so closely on hissing—give a peculiar value
to his contribution to this discussion. As an addition to the first part
of this contribution, I may quote the following words from a letter
I received from him on May 22nd :—

" I am contributing to the discussion. Since posting this contribu-
tion, it has struck me that it is perhaps because I generally used an
inclined, and'often a horizontal (Crompton projector) arc, that I missed
seeing the pre-rotatory bands and figures that you describe. The lateral
draught of air may have dragged the flame to one side."

With regard to what Mr. Trotter says about the hissing arc, there is
every reason to believe that he is right in thinking that the hiss is an
irregular and not a regular periodic phenomenon, such as he has shown
the hum to be. I still retain the idea, however, that the flattening out
of the hissing arc is due, to centrifugal force, but it now seems to me
likely that when hissing begins the arc splits up into various portions,
each whirling round a common centre at a different rate. I shall look
forward with the greatest interest to the publication of Mr. Trotter's
further observations on the humming arc, which cannot fail to throw
more light on the hissing phenomenon.

I have here carbons which were taken with the open and the enclosed
arc under the same circumstances. The arc was 2 mm. in length in
each case, and the currents were 6, 12, 20, and 30 amperes; the current
was kept constant for some time, and then suddenly shunted into
another circuit, so that there should be no period during which the
current was less or different from what it had been while the carbons
were formed. Hence the permanent shape taken by each of the
carbons under the given conditions can be plainly seen. It will be
noticed that with the arc enclosed in the crucible, the end of the positive
carbon is nearly cylindrical with all currents, and has a wider, deeper
crater than with the open arc ; also that the crater is very deeply pitted
with currents over 6 amperes, and that it is covered with a sort of light
grey skin which readily peels off. It may be mentioned that, whether
the arc be open or enclosed, the ends of both carbons are composed of
graphite, with which you can.write as readily as with a lead pencil, and
that the depth of the layer of graphite appears to increase as the current,
increases. Also that the mushroom. formed with a short hissing arc is
entirely composed of graphite.
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President ^ e P R E S I D E N T : I have now the pleasure of asking you to pass a
vote of thanks to Mrs. Ayrton for her excellent paper. It is the first
paper we have had the pleasure of receiving from Mrs. Ayrton ; I
sincerely hope that it will not be the last. I think we are all the
more indebted to her for communicating this most valuable paper to us
as she is not a member of the Institution. We have not the honour of
numbering amongst us any lady members, but I do not know of any
legal disability against ladies becoming members. If not, I hope we
may look forward to the pleasure of numbering Mrs. Ayrton among the
members of the Institution before long. I am sure we shall all welcome
her as an associate. I ask you to pass a hearty vote of thanks to Mrs.
Ayrton.

The motion was carried by acclamation.
The PRESIDENT : We now pass to the discussion of the elaborate

paper of Messrs. Duddell and Marchant which occupies a large
portion of Part 138 of the Journal. In connection with the discus-
sion we are to have presented to us some very interesting experi-
ments in illustration of the paper. I will ask Mr. Duddell to be kind
enough to proceed with that part of the paper which, requires the
experimental illustrations.

EXPERIMENTS ON ALTERNATE CURRENT ARCS BY AID
OF OSCILLOGRAPHS.1

By W. DUDDELL and E. W. MARCHANT, Associates.

[Mr. Duddell here demonstrated the use of his Oscillograph, pro-
jecting on the screen the curves traced by the spots of light reflected
from the mirrors of the instrument.]

Mr. Mr. L E O N A R D A N D R E W S - : I am del ighted to have had the opportuni ty
•Andrews. o£ s e e m g Mr> Duddell 's most fascinating experiments . They have been

particularly interest ing to me, because dur ing the past two or three
years I have also been exper iment ing in somewhat the same direction,
though I cannot pre tend to have obtained curves of anyth ing like the
same accuracy of shape as the Authors' . T h e appara tus I first used con-
sisted of an optical lantern, from which rays of light were projected
on to concave mirrors a t tached to the suspended coils of a modified
form of Ayrton and Mather galvanometer . ~ F r o m these mirrors the
light was reflected back on to a slot, behind which a rapid photographic
plate was d ropped as in the Author 's experiments. Wi th this ar range-
ment I succeeded in obtaining curves, the ampli tude of which showed
approximately the s trength of the current at the time. As, however, I
could only get about 10 curves on the plate, and I required a record
of at least 100 consecutive curves, I tried mount ing a number of plates
on a d r u m and caused them to revolve behind the slot. Th i s a r range-
ment was too heavy and cumbersome to be a success, and was conse-
quently replaced by a Kodak film mounted on a very light wooden
drum ; but as I was unable to obtain films as rapid as the plates, I

1 The paper is printed in exienso, on pp. 1-100 of this volume.




